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Introduction 

Environment Ontario holds its annual Technology Transfer 
Conference to report and publicize the progress made on 
Ministry-funded projects. These studies are carried out in 
Ontario Universities and by private research organizations 
and companies. 

The papers presented at Technology Transfer Conference 1988 
are published in five volumes of conference Proceedings 
corresponding to the following sessions: 

SESSION A: AIR QUALITY RESEARCH 

SESSION B: WATER QUALITY RESEARCH 

SESSION C: LIQUID AND SOLID WASTE RESEARCH 

SESSION D: ANALYTICAL METHODS 

SESSION E: ENVIRONMENTAL ECONOMICS 
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This volume is comprised of presentations given during 
Session C of the conference. 

For reference purposes, indices for sessions A,B,D and E 
may be found at the back of this volume, listed in alpha- 
numeric order. 

For further information on any of the papers, please 
contact either the authors or the Research and Technology 
Branch at (416) 323-4574 or 323-4573. 
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The views and ideas expressed in these papers are those of 
the authors and do not necessarily reflect the views and 
policies of Environment Ontario, nor does mention of trade 
names or commercial products constitute endorsement or 
recommendation for use. 
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1.0 TWISODUCTION 

With many landf ills in Ontario having reached their capacity and thus been 
decommissioned, questions are being raised as to the long-term stability of 
landfill caps. How susceptible are covers to erosion and gullying? What 
cover lanagement and maintenance is required? Do present landfill caps 
maintain the fine balance between minimising infiltration and laachate 
production while at the same tine avoiding the loss of liner integrity as a 
consequence of erosion? Little research on this topic has been completed in 
Ontario to date. Upon analysis of the data and observations made in this yet 
to be completed one-year study, answers to the above questions can begin to 
be formulated, providing direction for possible further research in this area 
in future years. 



2.0 
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To begin to understand water erosion as it relates to landfill caps, a review 
of literature covering the topic was conducted. One American study in the 
State of Pennsylvania reported that of 24 Pennsylvania landfills inspected, 
33* showed only slight erosion problems, 40 % had moderate erosion problems, 
while nearly 20% had severe erosion problems. Personal observations made by 
Johnson (1986) in the Great take States area agree with these Pennsylvania 
findings. 



Landfill covers perform a number of functions, 
in their list the following: 



Lutton a£ al- (1979* included 



Prevention or Minimization of Percolation 

Promotion of Aesthetics 

Suppression of Vectors 

Containment of Gases 

Suppression of Fire Danger 

Prevention of Blowing Litter or Dust 

Promotion of Site Reclamation 



To perform these functions for the life of the landfill a good cover must 
possess the following attributes (Lutton fit al. 1979) : 

Resistance to Water Erosion 

Resistance to Wind Erosion 

Stability Against Slumping and cracking 

Stability Against Slope Failures 

Resistance to Cold-Weather Distress 

Resistance to Disruption by Animals or Plants 

Documents which provide insight into designing a landfill cover to achieve 
the desired cap functions noted the dilemma designers are faced with when 
choosing measures to minimize water erosion of the cap. A good vegetative 
cover is the most economical and practical technique available in preventing 
soil erosion because it slows the surface water velocity and encourages water 
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Directing surface water flow by means of the various water control structures 
outlined previously can safely remove runoff water from the cap's surface if 
vagetative protection alone is not sufficient. 

The US-EPA has suggested using the Universal Soil loss Equation (USLE) as a 
tool to evaluate the surface layer configuration of landfill covers. They 
also suggest a tolerable soil loss of 4.5 tonnes/ha/year (2 tons/acre/year) 
be achieved when designing landfill cover erosion control systems. Luther 
(1980) also suggests the USLE bs used to approximate the erosion losses from 
a landfill cap. 



3.0 
3.1 



cpver ebosion in ammo 



Objective 



The objective of this component of the present study is to determine i*iether 
soil erosion associated with municipal landfill sites, as they are presently 
designed, constitutes a problem with respect to the long-term stability of 
landfill covers in Ontario. 



3.2 MEthcri 

The investigation to determine the existence or extant of erosion problems on 
landfill sites in Southern Ontario was onndiirtfil first by contacting all 
three southern Ontario Regional Offices of the Ministry of the Environment to 
obtain names of and information on waste disposal sites suitable for the 
study (i.e. decasmissioned, or at least part of the site decommissioned, and 
having received its final vegetative cover) . This provided the study team 
with approximately ten sites to visit. Other sites, besides those provided, 
which were known to exist by the study team were also visited following 
receipt of approval to enter the site by the operator. 

Site visits were a time both to qualitatively pisspss the site with respect to 
erosion as well as collect data necessary to quantitatively estimate average 
erosion rates. At the time of writing 14 sites were visited and the results 
assessed. Sites to which visits were made were kept confidential. 



3.3 



rt-HtrfH™. Bruits From Site Visits 



Soil erosion can be relatively easy to detect when it has progressed to the 
point where gullies are being formed. In fact, it is normally the 
development of large gullies that p ro m pt remedial measures be undertaken to 
control the erosion long before the more subtle interrill and rill erosicn 
spurs action. 

For the 14 sites visited, a wide variety of conditions were encountered with 
respect to landfill cover soil types, vegetative cover, size of landfill and 
age of landfill. Wiile it is difficult to generalise, it would appear that 
the amount of vegetative cover had more influence on the severity of erosion 
than did the Landfill cap's soil type. Figures 3.3.1 and 3.3.2 give an 
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Figura 3.3.1: Sever* Intertill t Rill Erosion on a Landfill Cap 




Flour* 3.3.2: Landfill Cap with a Mall Established Natural Cover 
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indication of the range in vegetative cover encountered; everything from 
essentially bare soil conditions to covers supporting trees and natural 
vegetation. South facing slopes appeared to have the greatest difficulty 
growing and maintaining vegetative covers. 

Gully erosion was present at all but three sites. For the better vegetated 
and often older sites, the gullies appeared to have been created in previous 
years and were now slowing in development. For the larger landfill sites 
possessing long steep slopes, seepage resulting from subsurface lateral flow 
between soil layers along with preferential flow paths caused by compaction 
by equipment used to place the cover became the more dominant causes of gully 
formation. For other landfills having flatter tops, areas where surface 
water concentrated to flow over the steep edge would often give rise to gully 
development at that point. Figure 3.3.3 illustrates such a situation. 

For landfills at which maintenance personnel were still available, the large 
gully problems were normally dealt with quickly by placing rock or fill in 

the gullies. 



3.4 Quantitative Estimates of Erosion at Sifrsa Visited 

At each site visited data was collected which would be useful in estimating 
typical erosion rates of the landfill cap through the application of the 
Universal Soil Loss Equation (USLE) . The US1£ is an empirical relationship 
that has been used extensively by soil conservationists in agriculture to 
estimate field interrill and rill erosion rates on agricultural land and has 
been used in the past in the United States as a means of estimating the 
susceptibility of landfill covers to erosion. Table 3.4.1 sunrarizes the 
results from this analysis. 

Note that the USLE erosion estimates do not include those losses associated 
with gully erosion. This form of erosion was found at nearly all the 
landfill sites visited. Consequently the USLE will underestimate the total 
soil loss being experienced an the landfill sites visited for it does not 
consider all of the soil loss mechanists associated with a landfill cover. 
At present however, it is the best means available for quantifying rill and 
interrill soil losses. Values in Table 3.4.1 were based on the typical slope 
lengths and gradients and vegetative cover found on the site. Slope lengths 
and gradients are self explanatory, vegetative cover was categorized in the 
following manner: 

Poor - Up to 30* of canopy cover and/or up to 30% ground cover 

Fair - 30* to 70* canopy cover and/or 30* to 70* ground cover 

Good - Greater than 70* canopy cover and/or more than 70* ground cover 



Based on these results, nearly 30* of the sites visited have interrill and 
rill erosion losses in excess of the tolerable level of 4.5 tonnes/ha/year. 
Figure 3.4.1 taken at one site where the erosion rate exceeds the tolerable 
level graphically illustrates the consequence of such loss rates on a 
landfill cap and its surrounding area. 
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Tahle 3.4.1: Intarrill and RU1 Erosion PWlirew tec Waited landrtlle 



Site Number 



Estimated 
Typical 
Erosion Bate 
(Intarrill t Rill 
Erosion only) 
mmea/ha/vrl 



Typical 
length 



Slopes**! 
Gradient 



Vegetation 
Oonditian 



1 

2 
3 
4 



4.5 
0.23 
1.0 
0.1 
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Sitae were located within tits jurisdiction of the southwestern, 
central and southeastern regional Ministry of the Environment. Offices 
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4-0 HXKTJ.THT, THE racmnM mnrggg nw, jftrrrti. grrgg 

The site visits a e p h ealsaa the fact that intertill and rill erosion is not 
ths only form of water erosion, nor is surface water running down a slope the 
only erosion mechanisa to be modelled on landfill sitae. For ample soma 
of the gullies oriented up and down the slopes, in sou cases, appeared to be 
the result of erosion down preferential flow paths caused by compaction by 
the equipment used to place tile cover. In other instances, it appeared that 
once water inf iltratad the landfill cap it could not necessarily be 
eliminated froa the possibility of contributing to erosion. This infiltrated 
water could becone subsurface flow as it follows the relatively impermeable 
cap layer beneath the topsoil reappearing as seepage at locations of thinning 
of ths soil cover where it again can act as surface flow and thus the 
transport medium for the erosion process. 

Another dominant mechanism •jrcmi to be the result of collapse of the fill 
underlying the cover along with subsequent: erdargeraent of the hole. The 
upper walls of these holes were severely undercut with what appeared to be 
subsurface seepage. Some of these holes were completely unconnected to 
downstream holes. It appeared that downslope flow through the upper layers 
of the cover might be en important flow mechanism and that disruption of the 
cover by collapsing underlying fill could contribute to erosion of landfill 
covers. 

with the exception of erosion problems generated by fill material collapsing 
underneath the structure, similar mechanisms for erosion can be found on 
agricultural land. The relative magnitude of erosion problems and losses 
caused by groundwater seepage as opposed to surface water runoff is not as 
high on agricultural land as would appear to be the case with landfill cover 
erosion. This would explain the lower emphasis placed on this loss 
mechanism. Models such as the USLE and even mare physically based 
relationships do exist to model erosion due to overland flow. A review was 
made of some of these available models, their values and deficiencies, and 
will be included in the final report for this phase of the study. 

Being able to model infiltration on a landfill cover would appear to be a 
very important component. Unfortunately, no models presently exist which can 
modal such phenomenon as cracfcLng of the cover, downslope seepage through a 
cover and the effect of frost layers during snowaelt which reduce 
infiltration. 



5.0 
5.1 
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Having the capability to physically quantify that portion of rainfall that 
infiltrates and percolates through a landfill cover as opposed to becoming 
overland runoff would be advantageous when attempting to model the erosion 
process on a landfill site. In 1987, personnel within the Waste Management 
Branch of the Ontario Ministry of the Environment developed a iysimster 
design, six prototypes of which were subsequently installed by the Itegion of 
Mel on a decommissioned area of the Brittania ftoad Sanitary landfill site 
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located in Mississauga. A cross-section of the lysimeters as they were 
installed at the site is presented in Figure 5.1.1. Following installation, 
the tasks of monitoring and evaluating the performance and results obtained' 
from the lysimeter was transferred to the study team. It was anticipated 
that through monitoring the lysimeters, an uipreved understanding of the 
infiltration component of the entire erosion process on landfill covers would 
be possible. 



5.2 

Leupoid-Stavens stage recorders were installed on each of the six lysimeters 
in August 1987. In September the calibration procedure was defined and 
initiated. The objective of the calibration procedure was to measure changes 
in the depth of water in the lysimeters storage zone caused by a Known input 
volume with a view to generating a percolation volume verses depth curve. If 
successful, this data would ultimately be employed to determine what fraction 
of precipitation percolates through the landfill cap. Day one of the 
calibration procedure progressed much as expected. A datum was defined, 
inputs were added in increments of 100 litres and static levels were recorded 
following each addition. When inputs were approximately equal to the 
capacity of the storage zone a stage recorded was reinstalled to monitor the 
final steps to equilibration. The following day the level in the first 
lysimeter which was calibrated was measured and recorded. The entire 
procedure was repeated and again appeared satisfactory. Upon returning one 
week later, it was observed that the recorder charts had fluctuated up and 
down the chart considerably and, at the time, inexplicably given that there 
could be no losses from the storage tana. For the next few weeks, theories 
and counter-theories were d i scussed and dismissed. Eventually it was 
hypothesized that atmospheric pressure was influencing the recording level in 
the monitoring well, more specifically, an inverse relationship existed where 
hi* barometric pressures resulted in low water levels and conversely where 
low barometric pressure yielded high water levels. As can be seen in Figure 
5.2.1 the inverse correlation between barometric pressure and recorder 
(water) level were too strong to dismiss. For the above hypothesis to 
explain the extreme fluctuations in water level readings, the presence of a 
trapped air layer between the rising water level and the apparently 
impermeable or, at least, semi-impermeable overlying recompacted clay layer 
was essential. To confirm or deny the existence of the "bubble zone", holes 
6 cm in diameter were drilled from the surface down through the recompacted 
clay layer to vent the lysimeters. ABS pipes were installed in the vent 
holes and the lysimeters were again left with stage recorders Installed. 
Wiile not conclusive, the results of the next monitoring period indicated the 
hypothesis of the trapped bubble to be correct. Vented lysimeters reacted 
favourably and indicated similar remedial action was warranted for the 
balance of the lysimeters. Rather than venting from the surface, numerous 
small holes were drilled into the well casing in the 0.8 metre zone above the 
well bottom (see Figure 5.1.1) . Holes in the well casing also facilitated a 
rapid exchange of air and water, eliminating unnecessary delays waiting for 
the lysimeters to equilihriate during calibration. 

The s ura pts of the aforegoing remedial drilling resulted in six out of six 
lysimeters functioning according to design, at least as far as the soil 
physics is concerned. Figure 5.2.2 illustrates a recent period of recording 
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FIGURE 5.1.1 : 
Drain Tile Lysimeter Cross-Section 
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FIGURE 5.2.1: COMPARISON OF BAROMETRIC PRESSURE 
AND WELL WATER LEVEL 
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FIGURE 5.2.2: WELL WATER LEVEL 
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.„, -(ant. seen, the water levels are rising slowly or remain relatively 
horizontal, with the lysimeters now functioning more as would be expected 
they\Sre again calibrated in the summer of 1988 to develop depth versus 

storage volume curves. 

Some concern was raised by the designers of the lysimeters as to their 
possible deterioration. Consequently two (2) lysimeters (one of each storage 
VnZ tvDO) were excavated in the sunnier to determine their condition. 
Pertinent lysimeter layers were not surveyed in and referenced to a permanent 
benchmark making it difficult to conclusively determine if any shif ting of 
the lvsimeter had taken place. Nevertheless, based on our interpretations as 
Show they were installed, it was concluded that little change had occurred 
in their configuration since their installation. 

Minor problems still persist with respect to obtaining continuous reliable 
datasets from the lysimeters. Recommendations for improvements which are 
based on experiences to date with the lysimeters as they currently exist have 
been made. Such changes, if implemented, would alleviate most of these minor 
problems and thus enhance the lysiroetar's functioning. 



i 



I 



6.0 



(xwarsictB 



3 

u 

p 



From the site inspections made to landfill sites in southern Ontario, it 
would appear that soil erosion caused by water is a problem and without 
attention given to this problem upon closure of the site could affect the 
long-term stability of the landfill cover. landfill covers are most 
susceptible to erosion during the rirst few years after being 
decaimissicaned. Establishing a vegetative cover early and guickly while 
manaqing surface water flow off the site would appear to be key factors. On 
the" basis of the observations made at several landfill sites, it appears that 
erosion is fairly easy to control and contain within reasonable limits. 
Increased adoption of and slight modifications to erosion control planning 
techniques and practices currently used on agricultural land and road 
right-of-ways would, in the majority of cases, produce quite satisfactory 
results in terms of controlling the landfill cap erosion observed. 

Being able to quantify the amount of infiltration would be beneficial not 
only in terms of more accurately estimating erosion losses from landfill 
covers but also for estimating what portion of yearly rainfall percolates 
through the cap generating leachate. The prototype lysimeters which were 
tested have had numerous problems associated with them, and could yet be 
improved. Consequently, the data from them at the time of writing is 
inconclusive. A full year of data will better answer the question as to 
their ability in estimating landfill cover infiltration. 
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